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Letter to the Editor 

Expression of CuZn-snperoxide dismutase and 
glutathione peroxidase in erythrocytes from diabetic 
and non-diabetic subjects 


(Received 25 March 1992; accepted 25 March 1992) 


Dear Editor, 

Recent studies implicate reactive oxygen species (ROS) in the development of the 
secondary complications that characterise chronic diabetes. Thus, activity of antioxi¬ 
dant enzymes such as superoxide dismutase is reduced in several organs of the 
diabetic rat {13 and plasma lipid peroxide levels are higher in diabetic patients with 
retinopathy than in those without this complication [2], Erythrocytes may be an im¬ 
portant ‘sink’ for ROS such as superoxide anion and hydrogen peroxide which are 
generated in plasma and which can cross the red cell membrane [3,4], Erythrocytes 
express various antioxidant enzymes including CuZn superoxide dismutase (CuZn 
SOD) which catalyses the disproportionation of superoxide anion and, glutathione 
peroxidase and catalase which catalyse the detoxication of hydrogen peroxide, These 
reactions suppress formation of the toxic hydroxyl radical. 

Studies showing that CuZn SOD is susceptible to glycation and modification by 
ROS suggests expression of this enzyme may be reduced in erythrocytes from 
diabetics. Thus, Sakurai et ai. [5] reported both glycation of lysine residues and loss 
of enzymic activity following incubation of purified CuZn SOD with high concentra¬ 
tions of glucose and Shibata and Ogita 16] found three isofornts of the enzyme in 
murine erythrocytes, ode of which resulted from the actions of hydrogen peroxide. 
Concentration-dependent inactivation of erythrocyte CuZn SOD by hydrogen 
peroxide has also been reported [7]. Prolonged exposure of CuZn SOD to relatively 
high concentrations of hydrogen peroxide caused fragmentation of the enzyme [7]. 

The combined effect of ROS and hyperglycaemia may have important effects on 
the level of antioxidant enzyme expression in the erythrocytes of patients with 
diabetes, particularly in older cells that have been in the vascular space for over 100 
days. Data on the levels of antioxidant enzyme activity could be useful as prognostic 
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markers. We describe studies on the expression of CuZn SOD and glutathione 
peroxidase in erythrocytes separated by age in Percoll gradients [8], 

Heparinised blood (10 ml) was obtained with ethical approval from 9 non-diabetic 
controls (glycated Hb <6.3%; age range 25-50 years) and 15 well-controlled, 
insulin-dependent diabetic subjects (mean glycated Hb 12.0 + 2.0%; age range 17-69 
years). Ten patients were without evidence of diabetic complications but five patients 
demonstrated either nephropathy or retinopathy. Blood was centrifuged (2,000 x g, 
10 min, 4°C) within 1 h, the plasma removed and replaced with an equal volume of 
154 mmol/1 NaC3. Leucocytes and platelets were removed by elution through 
cellulose and the haematocrit adjusted with NaCl to about 0.3. Portions (1.5 ml) of 
the resultant erythrocyte suspension were gently layered onto continuous Percoll 
gradients (40 ml) prepared by mixing 56% and 76% Percoll and after centrifugation, 
cells were drawn off in 7 fractions. Cells from diabetic and non-diabetic subjects 
demonstrated similar decreases in mean cell volume (92-88 fl) and fC + /haemoglobm 
ratio (360-278 ftmol/g) and increase in mean cell haemoglobin concentration (31-36 
g/100 ml) confirming the gradients were properly separating cells by age [8], CuZn 
SOD activity was determined in chloroform-ethanol extracted lysates by monitoring 
the reduction of nitroblue tetrazolium. Glutathione peroxidase activity was deter- 



Fig. 1. CuZn-superoxide dismutase activity in Percoll separated erythrocytes. The insert shows an 
immune blot of CuZn-superoxide dismutase in (left to right) standard. Fractions 1, 2, 5, 6, 7. ■, controls; 

#, diabetic subjects. 
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mined using cumene hydroperoxide [9]. To determine whether enzyme mass altered 
or fragmentation of the enzyme occured, lysates from the Percoll gradients were 
adjusted to a constant haemoglobin, extracted with chloroform-ethanol and electro- 
phoresed in 12.5% discontinuous polyacrylamide gels, electroblotted onto nitro¬ 
cellulose membranes and probed with antisera to CuZn SOD [9]. 

The figure shows the levels of activity of CuZn SOD in erythrocytes from different 
parts of the Percoll gradient. In samples from the total diabetic group and non¬ 
diabetic subjects activity declined progressively with increasing erthrocyte age and 
was significantly lower in older cells (fraction 7) than in young cells (fraction 1). 
Activities in erythrocytes from diabetic subjects either with or without complications 
and non-diabetic subjects of similar age were not significantly different. The im- 
munoblotting studies supported the activity measurements showing that CuZn SOD 
mass declined with aging in erythrocytes from both diabetic and non-diabetic 
subjects. Glutathione peroxidase activity in the groups was not significantly 
different and did not alter during aging. 

Our data show that erythrocyte expression of CuZn SOD and glutathione peroxi¬ 
dase, two major antioxidant enzymes, is unaltered in diabetics. Unlike studies in 
streptozotocin-treated rats, levels of CuZn SOD in erythrocytes from human 
diabetics are not reduced even in older cells exposed to glycation and ROS stress for 
about 120 days. 
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